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[57] ABSTRACT 

An improved valve assembly is provided for the distal 
end of a catheter, and particularly a central venous 
catheter for controlling fluid passage from the catheter 
to the blood flow passage in which it is inserted, and 
flow in the opposite direction. A relatively thin sheath 
wall covers the distal fluid opening of the catheter, and 
includes a slit for responding rapidly to pressure differ- 
entials on either side of the slit opening to allow fluid 
passage, as required. In addition, the distal end of the 
catheter, and the side walls thereof adjacent the end, are 
covered by a thin sheath which serves to impart a small 
degree of thickness or "body** to the end of the catheter 
except at the opening thereof. More importantly, with 
the arrangement here the integrity of the catheter wall 
is far less compromised. 

8 Claims, 2 Drawing Sheets 
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4,701,166 teach a catheter device for intravenous ther- 
CATHETER VALVE ASSEMBLY apy having a flexible closed distal end including a slit- 

type valve as described above with, in addition, a 
BACKGROUND AND DESCRIPTION OF THE twisted wire removable stiffener which is used to facili- 
INVENTION 5 tate insertion of the catheter into a patient and then 

The present invention relates generally to catheter removed, leaving the catheter in place, 
assemblies, and more particularly to a catheter having a A valve is desirable in a central venous catheter for 
fluid control valve in the distal end thereof for control- controlling fluid flow through the catheter and into the 
ling delivery of fluids from the catheter to the blood patient, as described above and further to allow fluid 
flow passage in which it is inserted, and vice versa. 10 flow from the patient's vascular system out of the cathe- 

Various procedures for intravenous therapy, includ- ter when obtaining, for example, a blood sample. Slit 
ing hyperalimentation and the administration of chemo- valves of past structures present problems because in- 
therapeutic drugs, require the use of a catheter which wardly directed pressure tends to shut the slit valve 
remains in the patient's body for a period of days, more tightly rather than to open it. U.S. Pat. Nos. 
weeks, or even months. In a typical procedure, the 15 4,559,046 and 4,701,166, as discussed above, teach the 
catheter is inserted through the subclavian vein, located use of soft materials such as silicone rubber to overcome 
near the collar bone and advanced to the superior vena this problem which silicone rubber is made in a thin 
cava, an area of substantial blood flow to the heart. In cross-section and treated with dimethylsiloxane for 
some long term catheterization procedures, the physi- lubrication of the slit edges and for weakening, and 
cian reroutes the exposed end of the catheter from the 20 making the catheter wall more pliable, in order to facili- 
original entry, near the collar bone, subcutaneously !a t e the two-way valve function, 
through the patient's body and out into the abdominal However, this form of slit-type valve works well only 
area so that the patient can resume normal activities where outward flow is desirable and inward flow is not 
without having a catheter protruding from the collar desirable because of its directional properties. Because 
bone area. t j, e distal end of the catheter is made of softer material 

Such catheterization procedures have been per- and further treated t0 be weaker in order to attempt to 
formed routinely with a conventional catheter having overcome deficiencies of a pressure activated slit valve, 
an open distal end By the term "distal" is meant the th£ (i of the cathe(er becomes weaker 
leading edge of the catheter upon insertion into the This weakened tip is more prone t0 bending caused 
body. Blood flow out of the body is prevented by oc 30 movemen t or muscular movement within the 

eluding a portion of the catheter which is external to he ^ and . be . such mannef 

patient s body such as by covering the portion of the P ■ ^ va]ve in P the absence of fluid re 

™TZ ft J ^lluZZ *l^£nSi differential across the valve. A weakened tip will also 

includes a pierceable septum for allowing injection and , . . . r At ... 

withdrawal of fluids. 35 * mor « ? rone t0 colla P se dunng «p™ion. Also, sill- 

This form of catheter has certain disadvantages in c ° ne ^cation can wear off making it difficult to open 

that the open end of the catheter, which is positioned in * he v * lve durmg as P' rall0n ' There 1S * trade-off, there- 

the patient's body, provides an area for the formation of f ° re ' b f tween optimizing the valve performance so that 

blood clots. The potential for formation of clots is unde- the valve 15 responsive to fl U1 d pressure differentials 

sirable because clots occlude the catheter and prevent 40 an <* providing a valve that stays shut when required and 

its use. Furthermore, a clot can separate from the cathe- 1S stron S enou S h not 10 collapse during aspiration, 

ter and travel to other areas of the vascular system and There 1S stl11 a need for a reliable, easily fabricated 

cause injury by occluding another blood vessel. The catheter having a closed distal end and a valve which 

open distal end type of catheter must be flushed fre- Wl11 minimize the potential for damage to cellular ele- 

quently with a heparinized saline solution to clean the 45 ments m h 9 uld passing through the valve, which can be 

catheter area and reduce the potential for clot forma- used successfully for aspiration without collapsing, 

t f on while at the same lime minimizing the potential for 

This periodic maintenance provides a potential for inadvertent opening of the valve. Such inadvertent 

irritation and infection by manipulation of the catheter opening can result in patient blood loss or the introduc- 

and introduces an anticoagulant into the blood stream 50 tion of an air embolus into the patient's vascular system 

which may affect the patient or any blood test results or formation of a clot in the lumen, 

from specimens taken from the patient. In addition, the One such arrangement is taught in co-pending appli- 

extemal cap may be removed inadvertently which ere- cation Ser. No. 881,148, filed Jul. 2, 1986 now U.S. Pat. 

ates the danger of introducing an air embolus into a vein No. 4,737,152, issued Apr. 12, 1988 wherein the fluid 

and injuring the patient. Furthermore, the blunt open 55 control valve has a cylindrical side wall describing a 

end of the catheter interferes with blood flow and is lumen therethrough, a proximal end and a closed distal 

believed to increase the occurrence of turbulent eddies end, and includes a slit through the side wall positioned 

which eddies may also promote clot formation. adjacent the distal end with the slit angularly oriented 

Such problems are avoided if the central venous cath- with respect to the longitudinal axis of the catheter, 
eter is provided with a closed distal end with a port or 60 The slit is defined by two opposed faces formed in the 
valve arrangement. U.S. Pat. No. 3,111,125 teaches a side wall. The catheter housing includes a conduit 
shunt apparatus with an outlet tube having a closed wherein the proximal end of the catheter is connected 
distal end and a plurality of slits.around the periphery of to the housing so that the conduit and lumen are in fluid 
the'distal end of the tube acting as slit valves. Fluid communication. A stylet is positioned within the lumen, 
pressure in the tube forces the slits open so that fluid 65 A valve control knob includes a passageway there- 
flows freely when a sufficient pressure differential exists through, and is rotatably connected to the housing so 
between the fluid within the tube, and the area outside that the passageway and the conduit are in fluid com- 
the tube. Along these lines, U.S. Pat. Nos. 4,559,046 and munication. The knob engages the stylet causing rota- 
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tion of the stylet, which in turn causes rotation of the 10 mils which causes the slit valve to respond much 

closed distal end of the catheter causing the opposed more rapidly to pressure differentials on either side 

faces of the slit to separate, forming an opening for thereof. Nevertheless, the adjacent wall of the catheter ' 

allowing fluid communication between the lumen and itself sur rounding the valve wall will have a thickness 

the exterior of the catheter. 5 wjthin the range of j 2 an( j 40 mi| S) thus providing more 

This arrangement has the advantage that the operator bod for the catheter ad j ace nt to the valve, 

is allowed to selectively open and shut the valve regard- Ag a resu]tj becfluse the djstal emJ Qf the catheter {$ 

less of pressure d^ferentials However this arrange- blood reflux cathe[er lumen is ^ 

ment is more complicated in that it includes considera- i- ■ ». • 1 r 1 * r 

bly more structure in order to open and close the valve. 10 nated ^vcby eliminating the potential for clot forma- 

With this invention, by contrast, a valve arrangement tI0n ' and occlusion of the catheter. As a result of this, 

is provided in the form of a slit valve which responds to ™utine Hushing of the catheter lumen is not necessary, 

pressure differentials on either side of the valve, without Moreover, because there is a valve covering the open 

causing the catheter to collapse. Moreover, the arrange- end of the catheter, introduction of air embolus into the 

ment is such that the forward end of the catheter in- 15 vasculature is eliminated, should the injection cap on 

eludes a closed distal end which is comprised of suffi- the proximal end of the catheter outside the body be 

cient body that it will not bend or become occluded removed or fall off. 

because of body movements of the patient, muscular of course, turbulent eddies are reduced around the 

movements of the patient or aspiration vacuum. More- open en d 0 f t he lumen of the catheter since it is not open 

over, the valve in the form of a slit, in accordance with 20 and is prote cted by the thin wall of the sheath of the 

this invention, is provided in a comparatively thin wall invemion carrying the slit valve. Because of this, poten- 

covering the distal opening of the catheter, so that it |iaJ dQt formalion on the exterior wa „ of lhe cathete r is 

responds ^rapidly tc » pressure differentials on either side reduced p because |he materjal adjacem the 

thereof. Because of this the ^ ^.^^ £ , _ valve is hot treated to weaken it (because it is not neces- 

presence of medication being fed into the catheter for 25 x , , , , _ r ., 

introduction into the blood supply of the patient. By the sar ^ l p hc " !S ™ ch lcss cha " ce of faiiurc * t . u 

same token, the valve opens in response to the opposite As furlher »"ustrative of the invention herein, the 

pressure differential for obtaining a blood sample from sheath may be within the range of between about 5 and 

the patient, as required. 20 millimeters in length. The slit valve may be of a 

This is achieved by selecting a conventional catheter 30 length within the range of between about 30 and 70 

with an open distal end and providing a sheath covering percent of the inner diameter of the catheter, 

over that open distal end. In this way, the structural Other objects and advantages of this invention will be 

integrity of the catheter wall is not altered. The sheath apparent from the following description, the accompa- 

has the effect of forming a dual wall structure over the nying drawings, and the appended claims, 
"end of the catheter adjacent the distal end thereof while 35 

providing a single thin wall in the area of the slit valve. DESCRIPTION OF THE DRAWINGS 

Because of this, the thin wall in which the valve of the pjq 1 j s a partial longitudinal sectional view of the 

invention is positioned responds much more rapidly distal end 0 f a catheter assembly illustrating the inven- 

than would be the case if the valve were positioned in ( j 

the conventional thicker wall of the catheter body itself. 40 F j G 2 is an end , ftn vjew showing the right-hand 

Nevertheless with the dual wall structure in the areas end of |hc cathctcr ass£mbI Qf F1Q 1; 

other than where the valve is positioned, the catheter longitudinal sectional view of the 

distal end has more body for sustaining less damage , rt - T - - . ■ „ . _ 

and/or injury from patient movement, readjustment of cathete 5 a u SSembly of * s h ° win S lhe ^ J™"^ 

the positioning of the valve of the invention or aspira- 45 ™nt of the invention open for dispensing fluid from the 

tion vacuum. More importantly, there is less involve- catheter into the vein of a patient; 

ment in the structural integrity of the catheter wall than FI G- 4 » s an end P ,an view of lnc right-hand end of 

is the case when a slit is positioned in the catheter wall the catheter assembly of FIG. 3; 

itself. FIG. 5 is a partial longitudinal sectional view of the 

In considering generally the conditions for forming 50 catheter assembly of FIG. 1 showing the valve thereof 

the catheter valve assembly of the invention, preferably in the position wherein the catheter assembly is obtain- 

the catheter is comprised of polyurethane having a ing a blood sample of a patient, for example; 

thickness within the range of 10 and 30 mils. Positioned- FIG. 6 is an end plan view of the right-hand end of 

over the open distal end of the catheter is a sheath com- tne catheter assembly of FIG. 5; 

prised, preferably, of the same material as the catheter 55 fjq. 7 is a partial longitudinal sectional view of a 

i.e., polyurethane. The sheath wall is of a thickness valve assemb j y for t he distal end of a catheter illustrat- 

within the range of 2 and 10 mils. It should be under- • a fufthcr embodiment of the invention herein; 

stood that the sheath may be comprised of a material FIG. 8 is a top plan view of the catheter assembly of 

different from the catheter wall itself. Other materials ^ 

for forming either or both of the catheter and the sheath 60 . , - t . 4 - , • Pt u A 

may include, for example, silicone rubber, polyvinyl- FIG 9 ,s a partial longitudinal sectional view of the 

chloride, polyethylene or polytetrafluoroethylene. assembi y of FIG - 7 showing the slit valve of the mven- 

As discussed above, the slit forming the valve of the tlon m ,ts °P en position; 

invention is positioned in the sheath in the area where FIG - 10 is a t0 P P lan view of lhe assembly of FIG. 9; 

the sheath does not cover a portion of the wall of the 65 and 

catheter itself, such as the immediate distal end thereof. FIG. 11 is a partial longitudinal sectional view of a 

As a result, the thickness of the wall surrounding the slit valve assembly for the distal end of a catheter illustrat- 

vaive of the invention will be within the range of 2 and ing an additional embodiment of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to the drawings in which like reference 
characters refer to like parts throughout the several 5 
views thereof, FIG. 1 shows one embodiment of cathe- 
ter assembly 10 of the invention which shows the open 
distal end 25 of the catheter 12. As will be understood 
by practitioners-in-the-art, catheter 12 is an elongated 
tube extending from an open proximal end to distal end 10 
25, only a part of which tube is shown in the Figures. 
Catheter 12 is shown as having a single lumen 11, but it 
will be understood that two or more lumens may be 
included. Positioned over the open distal end 25 of 
catheter 12 is a sheath 14, having an end wall 26 for 15 in FIG. 1. 



occluding of the passage of fluids in either direction 
through catheter 32 for the administration of medica- 
tion therethrough in one direction, or for obtaining a 
blood sample in the opposite direction. 

At any rate, with this arrangement, as with the ar- 
rangement shown in FIG. 1, slit valve 38 responds rap- 
idly to pressure differential, because of the compara- 
tively thin wall of sheath 34, for causing the flow of 
fluid in the direction of arrows 44, 46 causing flaps 42 of 
valve 38 to open for the passage of fluid therethrough, 
in the infusion position of the assembly of the invention. 
Of course, it will be understood that valve 38 operates 
in the opposite direction for the taking of the blood 
sample, in the same manner as the arrangement shown 



covering the open end 25 of catheter 12. Positioned 
centrally of wall 26 of sheath 14 is a slit valve 16. As can 
be seen in FIG. 2, the valve 16 extends a substantial 
distance across the circular end wall 26 of sheath 14. 

As is clearly shown in the Figures, sheath 14 is dimen- 
sioned so that the internal hollow cavity formed by the 
walls of the sheath 14 grip the outer surfaces of catheter 
12 in an interference fit so as to maintain the sheath 
positioned as shown on the distal end 25 of catheter 12. 
Alternatively, sheath 14 may be heat bonded to the 
surface of catheter 12, or the surfaces may be joined by 
adhesives. 

Referring now to FIG. 3, arrows 18 show the flow of 
a medication being fed through catheter assembly 10 to 



In the embodiment in FIG. 11, an assembly generally 
designated 50 is shown with a portion of the distal end 
of catheter 52 having a distal opening 54 closed by a 
sheath 56 of the invention. In this embodiment, sheath 
20 56 is inserted into opening 54 so that the outer surfaces 
of sheath 56 engage the internal walls 64 of catheter 52. 
In this embodiment as with the others, valve 60 is lo- 
cated in the sheath wall 62 so as not to interfere with the 
integrity of the walls of catheter 52. 
25 Thus, as will be appreciated from the above, there is 
provided in accordance with this invention, an im- 
proved valve assembly for the distal end of a central 
venous catheter, for example, which valve assembly 
provides a substantial increase in the stability of the 



be introduced into the vein of a patient in which the 30 distal end of the catheter upon insertion into a patient, 

assembly 10 has been inserted. Because of the increased Nevertheless, the structure includes a simplified slit 

pressure internally of catheter 12, valve 16 is open so valve which responds rapidly to pressure differentials 

that the cooperating adjacent walls or flaps 17 thereof on opposite sides thereof. Even so, the construction 

provide a passage for the flow of medication through herein is a simplified arrangement requiring no special 

the slit valve 16 in the direction of arrows 20. Thus, 35 housings or devices for manipulating the opening and 



45 



FIGS. 3 and 4 show the position of slit valve 16 for an 
infusion procedure of the arrangement of the invention 
herein. 

Referring now to FIG. 5, in the use of the invention 
herein for aspiration through a slit valve 16 of the inven- 
tion, the valve 16 is shown in its position for aspiration 
purposes. Thus, in instances wherein the physician re- 
quires the obtaining of a blood sample through the as- 
sembly of the invention which has been inserted into a 
patient, the catheter assembly 10 is shown in the posi- 
tion for such taking in FIG. 5. That is, arrows 22, 24 
indicate the passage of fluid through open valve 16 with 
the flaps 17 thereof opening internally of the catheter 
assembly 10. As can be seen from this arrangement, 
valve 16 is immediately responsive to pressure differen- 50 
tials on either side thereof because of the relative thin 
wall 26 of sheath 14 covering the open distal end 25 of 
catheter 12. 

Referring now to FIGS. 7-10, inclusive, a further 
embodiment of the invention is shown. In this arrange- 55 
ment, a partial sectional view of the distal end of cathe- 
ter 32 is shown with lumen 31, and with the assembly 30 
thereof including a sheath 38 covering the open distal 
end 33 with an end wall 36 of sheath 34. In this case, 
however, a separate opening 40 is positioned in the 60 
annular wall of catheter 32. Positioned in sheath 34, in 
the opening 40 of catheter 32 is a slit valve 38. Thus, 
except for end wall 36, the valve assembly 30 includes a 
dual wall construction similar to the embodiment 
shown in FIG. 1 for providing greater "body" to the 65 
distal end of catheter assembly 30. This has the effect, as 
discussed above, of preventing damage and/or distor- 
tion to the distal end of catheter 32 so that there is no 



closing of the valve. 

While the forms of apparatus herein described consti- 
tute preferred embodiments of the invention, it is to be 
understood that the invention is not limited to these 
40 precise forms of apparatus, and that changes may be 
made therein without departing from the scope of the 
invention which is defined in the appended claims. For 
example, while the orientation of the slit valves shown 
in the end wall of the sleeve covering the distal end of 
the catheter is shown to be perpendicular to the longitu- 
dinal axis of the catheter, it should be understood that 
the slit may be oriented at various angles to the position 
shown. 

What is claimed is: 

1. A catheter assembly for controlling positively the 
passage of fluids therethrough to and from the fluid 
flow passage in which it is inserted, characterized by 

(a) an elongated catheter tubular body having a side- 
wall; 

(b) said catheter tubular body having an open proxi- 
mal end, an open distal end and an opening in the 
sidewall spaced from the distal end; 

(c) one or more lumens extending in said catheter 
tubular body from said open proximal end to said 
open distal end; 

(d) a substantially tubular sheath positioned over the 
said open distal end of said tubular body, and ex- 
tending from said open distal end to a point spaced 
from said open distal end; 

(e) a substantial portion of one surface of said sheath 
engaging one surface of said catheter tubular body; 

(f) said sheath engaging said catheter tubular body in 
a non-slip engagement; 
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(g) a three position two-way slit valve positioned in 
said sheath; and 

(h) said three position two-way slit valve positioned 
in the wall of said sheath adjacent the catheter 
sidewall opening. 5 

2. The assembly of claim 1, further characterized by 
(a) said catheter tubular body is a member selected 

from the group consisting of polyurethane, silicone 
rubber, polyvinyl chloride, polyethylene and poly- 
tetrafluoroethylene. . 10 

3. The assembly of claim 1, further characterized by 
(a) said sheath is comprised of a member selected 

from the group consisting of polyurethane, silicone 
rubber, polyvinyl chloride, polyethylene and poly- 
tetrafluoroethylene. 15 

4. The assembly of claim 1, further characterized by 
(a) said sheath and said tubular body are both com- 
prised of a member selected from the group con- 
sisting of polyurethane, silicone rubber, polyvinyl 

20 



chloride, polyethylene and polytetrafluoroethyl- 
ene. 

5. The assembly of claim 1, further characterized by 
(a) the walls forming said elongated tubular body 

being within the range of between about 10 and 30 
mils thick. 

6. The assembly of claim 1, further characterized by 
(a) the walls of said sheath being within the range of 

between about 2 and 10 mils thick. 

7. The assembly of claim 1, further characterized by 
(a) the said non-slip engagement of the surface of said 

sheath with the surface of said catheter tubular 
body being an interference fit. 

8. The assembly of claim 1, further characterized by 
(a) the said non-slip engagement of the internal sur- 
face of said sheath with the outer surface of said 
catheter tubular body being a heat bond. 
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